Abstract: Insect-protected crops like Bacillus thuriegiensis (Bt) cotton are bringing cotton growers new alternatives to broad-spectrum insecticide use in integrated pest management (IPM).The paper analyzes the effect of insect-resistant Bt-cotton farming on pesticide usage and agricultural productivity. To analyze the environmental benefits, and to determine whether the benefits are directly (prime) or indirectly (secondary) related to the growing Bt cotton, a study has been conducted during the year 2009-10 in Guntur district of Andhra Pradesh, a leading southern state of Bt-cotton farming in India. The secondary data such as current literature, conference proceedings, governmental and institutional reports market research etc., were used for the comparative analysis. Ex-post facto research design was used in the present study. The purposive and random sampling methods were adopted for the present investigation. A pre tested and well designed questionnaire was used and personal interview schedule was planned accordingly. The results of Bt-Cotton farming survey revealed that the reduction of application rates of toxic chemicals, decrease of pesticide sprayings to 9.83 percentages compared to sprays in non Bt-cotton farming. The average number of sprays on Bt-Cotton is only 4.36 percentages as the seed is Genetically Modified. Thus, promoting a more widespread diffusion of Bt cotton could amplify the efficiency, and environmental gains. The statistical analsysis established the correlation between the reductions of sprays of pesticides compared to the non-Bt cotton growers. The results also showed significant relation of environmental benefits with the decrease of usage of pollutants that are hazardous to the environment. It is concluded that the technology's sustainability to be monitored using surveillance and monitoring programmes for long term and to assess the scope of occurrences of secondary effects.
Introduction
Agriculture is one of the most ancient and significant sectors of India, the only means of living for almost two-third of the employed class in India (Role of Technology in Rural Development in Agriculture (2016)).
It has occupied almost 43 percent of India's geographical area. It is still an important contributor to India's Gross Domestic Product (GDP) even after a decline in agriculture share and still plays a vital role in the growth of socio economic sector. With a vast population base and its growing demand for food needs, the related burden on agriculture has increased severely extract more agricultural productivity reported by James Hewitt, (2017) .
As agriculture evolved into a more productive activity, it became more energy-intensive too. Since agriculture is closely associated with the environment, it has a major impact on land use, soil, water biodiversity and the landscape and the intensive agriculture has disrupted ecological balance. In the process of extracting higher productivity on par with the growing demand, the varieties of crops chosen, though highly-yielding, were found to be prone to epidemic diseases. To protect the crops from the epidemic diseases caused by pests and diseases, it is compiled to use large quantities of pesticides and insecticides (Winfried and Blum, (2013) ).
The widespread use and disposal of agriculture pesticides by farmers, large plantations and the general public causes environmental contamination. It is estimated that the 68 percentage of such contamination is a result of agricultural uses, followed by industrial and commercial uses (17percentages) and home and garden application (15percentages). Following release into the environment, pesticides may give rise to different consequences on environment. Pesticides which are sprayed can become airborne and may eventually end up in soil or water. Pesticides applied directly to the soil may be washed off the soil into water or may percolate through the soil to lower soil layers and ground water (USGS, 2016).
The application of agriculture pesticides directly to bodies of water, for weed control or indirectly as a result of run-off from soil or other routes, may lead not only to the build-up pesticides in water, but also cause pollution to the air through evaporation (SAN DIEGO, (2006).). As these pesticides may be broken down or degraded by the action of sunlight, water or other chemicals or microorganisms, this degradation process usually leads to the formation of less harmful residues but in some instances can produce more toxic and hazardous products (Pesticides in the environment (2016). The pesticides become resistance to the degradation by any means and thus remain unchanged in the environment for longer periods of time (Salas et al., 2011) . The ones that are most rapidly broken down have the shortest time to move or will otherwise have a diverse effects on humans or other organisms. The ones which last the longest, the so-called persistent pesticides can build up in the environment leading to greater potential for adverse effects on human population (Bv and what is a good pesticide (2016)).
Methodology
The present study was conducted during the year 2009-2010 in the district of Guntur, Andhra Pradesh State India. Guntur 
Population and sample
The population for the study covers the cotton farming area of the entire three mandals viz., Amaravathi, Tadikonda and Prathipadu of Guntur district of Andhra Pradesh, India. Based on the cotton farming area and the diversity of problems out of the three mandals (talukas) seven villages from each mandal was identified as sample of the population.
First stage selection -identification of district
As the present study confined to Guntur district in the state of Andhra Pradesh, selected purposively because the intensity of cultivation of cotton is in the large scale, 75 percent of the entire population was depending on agriculture and the main commercial crop is Bt-cotton. The Guntur district was selected for the sample collection as the first stage selection.
Second stage selection -selection of mandals
From the identified district of Guntur, out of 56 mandals in Guntur district 3 mandals (sub district unit) viz Amaravathi, Tadikonda and Prathipadu were selected purposively based on the cotton growing area. Details of mandals in selected district is furnished.
Third stage selection -selection of respondents.
The technique of proportionate sampling was adopted and sample size of 200 respondents was limited. The selections of respondents among the mandals and in each villages were presented.
Data collection
The study involves collection of both primary and secondary data. The primary data was collected from the selected Btcotton farmers with the help of duly pre-tested questionnaire. The secondary data as regard to pesticide consumption over the years and expected consumption were collected in order to get insights on pesticide usage pattern change over the years in the study area. The secondary data was collected from department of agriculture reports, because of their being authenticity. The questions were asked in local language (Telugu) for easy understanding. A great care was taken to obtain the valid and authentic information for the schedule and after completion of day's work. The questionnaire were checked and edited to obtain objective responses.
Analysis of data and application of statistical techniques
The quantification of qualitative data was done in accordance with the standards laid down and tabulated to draw meaningful inferences. The zero order correlation statistical technique was applied to find out association among different variables. The multiple regression analysis technique was adopted to ascertain the variation. The other statistical techniques applied were frequency, percentage, mean, standard deviation, correlation and multiple linear regressions (MLR).The collected data from the respondents were scored, tabulated and analyzed using the following statistical tools and techniques.
Research design
Ex post-facto and exploratory research design was followed for the present study. A pilot study was conducted prior to main investigation to obtain insights and familiarity to the problem.
Reasons for adopting exploratory design  Exploratory research design would help to build up hypothesis which can be tested by planning a higher level of scientific design  Exploratory research design is flexible design which provides an opportunity for considering different aspects of a problem  Exploratory research design helps the researcher to draw together the diverse information into a unified interpretation which makes this design as an appropriate procedure for evolving insights Exploratory research is a type of research conducted because a problem has not been clearly defined. Exploratory research helps to determine the best research design, data collection method and selection of subjects. According to Das (2005) , the purpose of exploratory studies is to formulate a problem for a more precise investigation or to develop hypothesis.
Here the exploratory study was attempted to enhance the understanding of the benefits of Bt-cotton farming in a more scientific way.
Results
In addition to the direct control of insects and economic benefits that allow growers to produce a cotton crop more profitably, Bt-cotton also provides numerous secondary benefits. Grower adoption of Bt-cotton has proven to be extremely beneficial to the environment through reductions in broad-spectrum insecticide applications and use of farm machinery ( Julie M. Edge et.al., (2001) stated that the direct benefits documented from using Bt cotton to control insect pests include reduced use of broad-spectrum insecticide, lower farming risks and production costs, better yields and profitability, expanded opportunities to grow cotton and a brighter economic outlook for the cotton industry. The indirect benefits that arise from the use of the crop primarily stem from the reduction in broad-spectrum insecticide use where Bt cotton is used for pest control. Reducing the use of broad-spectrum insecticides in cotton produces benefits that include increased effectiveness of beneficial arthropods as pest control agents, improved control of non-target pests, reduced risk for farm land wildlife species, reduced runoff of broad-spectrum insecticides, reduced fuel usage, lower levels of air pollution and related waste production, and improved safety of farm workers and neighbors.
It is known that conventional cotton is easily prone to insects and pests, which destroy the whole crop resulting in complete loss to the growers. To protect the crops, the farmers spray synthetic pesticides as many as possible and as much as then could afford financially. It has lead to many unwanted consequences. The non Bt-cotton farmers used to spray when they grew conventional cotton crop. Excessive use of these insecticides and pesticides degrades the ecosystem. Many studies and researches have proved that these synthetic pesticides which were introduced in the mid 1940's however, the regulatory procedures providing approval for their use were limited. Several studies provide that the increasing use of synthetic pesticides would have a serious negative effect on the environment.
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Discussion and Conclusion
Bt cotton can substantially reduce the number of pesticide sprayings, which can provide significant environmental benefits (Saravanan, (2016) The important aspects of the environmental debate surrounding the introduction of G.M. crops and that in their potential reduction in pesticides use in the European Union 50% reduction of pesticide spraying resulting from the introduction of Bt-cotton varieties. (Phipps and Park, 2008) . Hence, it is important to know the reduction in pesticide use can be linked to improve the surrounding environment.
Qaim and Alinde (2005) reported that they had empirically analyzed the effects of Bt cotton on pesticide use and productivity in Argentina. The farm survey revealed that the Bt technology lead to a considerable decline in pesticide application rates. On an average Bt technology adopting farmer use 50% less insecticide on their Bt plots than on plots grown with conventional cotton. All most all of these reductions occur include in highly toxic chemicals, with concomitant positive effects for the environment. Moreover, Bt cotton adopters benefit from significantly higher yields compared to conventional cotton due to insufficient pest control methods. It was also observed from the present study that with introduction of Bt-cotton, number of sprays reduced to 4.36 from 9.83 which could be attributed to the environmental benefits associated with introduction of Btcotton technology.
Bt-cotton farming has reduced pesticide sprayings by 172 million Kg and reduced the environmental toot print associated with pesticide use by 14 percent. The Bt technology has also significantly reduced the release of green house gas emissions from agriculture which is equivalent to removing 5 million cars from roads (Brookes and Barfoot, 2006) . GM crops have contributed to a significant reduction in global environmental impact of production agriculture. Since1996, the use of pesticide was reduced by 224 million kg of active ingredient (6.9% reduction) and the overall environmental impact associated pesticide use on these crops was reduced to 15.3 percent. In absolute terms the largest environmental gain has been associated with the adoption of Bt cotton. In a recent survey, conducted in the USA showed that about 75% of people surveyed, said that they approved the use of biotechnology to produce insect protected crops which in turn reduced the use of pesticides. This is supported by studies carried out in Canada by the University of Guelph. According to their studies the public was offered the choice of either buying conventional or GM sweet corn and potatoes.
A list of sprays used on the produce was clearly visible for the public to see. Under these circumstances 60% of the public preferred to buy GM rather than conventional produce. The authors of these studies expressed their interest to observe the attitude of Europe Union consumers towards G.M. and Non G.M. varieties. From all these, the expected hypothesis "the adoption of Bt-cotton farming will result in positive environmental effects, prevents the environmental pollution and stabilizes the eco system", has been evidently proved to be true.
